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ABSTRACT
Pedestrians at a marked but unsignalized pedestrian crossing (Ped-Xing) must be made visible to
drivers in the approaching traffic at a sufficient distance away from the crossing, and this
distance is needed for stopping a vehicle before the leading Ped-Xing edge to avoid a potential
traffic collision. In this paper, an exact analytic framework is established to integrate driver’s
field view, driver’s perception-reaction, lighting condition, and parking restriction at a Ped-Xing
for enhancing traffic operational safety. The size of the no parking zone by the Ped-Xing is
determined exactly using equations derived from this framework. Additionally, this study sheds
the light on mid-block Ped-Xing installation, which should be discouraged if parking is permitted
alongside a street. Furthermore, additional visibility improvement measures at the unsignalized
Ped-Xings may be needed for enhancing safe traffic operations at the crossings.
1. INTRODUCTION
Pedestrian crossing (Ped-Xing) has been widely installed in urban or suburban areas at
signalized intersections, unsignalized intersections, and mid-blocks between
intersections. Pedestrian traffic movement at signalized intersections is at least in part
coordinated by signals. In this paper, we focus our study on those Ped-Xings which
aren’t controlled by traffic signals. In the absence of traffic signals, safe pedestrian
crossing relies mainly on the pedestrian visibility at a crossing and the stopping sight
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distance provided to halt a conflicting traffic movement before the edge of the crossing
to avoid a traffic collision. If street parking isn’t allowed, the pedestrian visibility at the
crossings will depend mostly on lighting conditions and driver’s field view and
attention to his/her changing surroundings. When parking is allowed, a parked vehicle
may partially or completely block a driver’s view of a pedestrian on one side of the
crossing. In connection with the Ped-Xing safety, one may question the appropriate
distance D between the leading edge of Ped-Xing and the parking zone as sketched in
Figure (Fig.) 1. The unsignalized Ped-Xing safety will be explored in details on a
setting similar to that shown in Fig. 1 with one-way traffic; for a two-way street, one
can simply rotate Fig. 1 counterclockwise 180 degree around the axis perpendicular to
the plan view to image the opposite traffic.
2. FORMULATION
A plan view with a vehicle approaching a Ped-Xing is shown in Fig. 1 with one type
crossing stripes, and different crossing designs have been used to fit in-situ needs in
practices [1]. No parking stalls are drawn inside the parking zone because the zone
width varies with the angle of parking. Moreover, only two traffic lanes are drawn as an
example in Fig. 1, and one can always add more lanes when needed. Parameters D, Wp,
and Wd represent, respectively, the longitudinal length of the no parking zone between
the leading Ped-Xing edge and the allowed parking zone, the width of the painted
parking zone, and the lateral distance between the driver and the outside edge of the
parking zone. Since the pedestrian must be made visible to the driver, the following
geometric requirement must be met:
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Figure 1. Schematic plan view of parking and pedestrian crossing
Equation (Eq.) (1) can be rearranged to yield the required length D to ensure that the
pedestrian will be visible to the coming traffic
(2)
The parameter S, if chosen based on stopping sight distance Ss, should be
operationally realizable, namely
(3)
The vehicle speed and its deceleration are given by νl and a_ respectively in Eq. (3).
Because a driver would be likely responding to an unexpected event, the perception
reaction time δ here should be taken to be ~ 2.5 s [2, 3]. With the operating speed a_
ranging usually from 48 kph (30 mph) to about 90 kph (50 mph) in urban/suburban areas,
one finds that the stopping sight distance or Ss ∈ [70.4 m, 159 m] using deceleration
a_ of 2.44m/s2 (8ft/s2) under wet conditions. Note that if the roadway has a grade ‘g’ in
percentage, the deceleration a_ should be adjusted to (2.44 + 0.098g) m/s2, and grade
‘g’ will be positive for uphill roads and negative for downhill. By the way, deceleration
rate isn’t a fixed number but can be adjusted to fit any particular vehicle-road contacts.
A driver front view subtends an angle α more or less near 13 degrees with respect to
the driver’s sight line assuming the driver’s eye sight follows the traffic [4]. Direct and
indirect evidences suggest this angle should be in the range between 10 and 15 degrees
[5-6]. One can easily verify this angle range by adjusting the chair position in front of
a computer desk till s/he can view the entire computer screen comfortably. In order for
a driver to make a good driving decision near Ped-Xing, the following visibility
requirement on sight distance should be met
S  Se = (Wp + Wd) × Cot α (4)
Parking width Wp, changing with the parking angle, is suggested to be around 2.74 m
for parallel parking in various guidelines. Depending on vehicle type, the width Wd
varies in general between 1.2 m and 3.3 m. Consequently, when angle a is setting to
10°, the eye sight distance Se falls into the range Ss ∈ [22.3 m, 34.3 m].
Combining Eqs. (2), (3) and (4), one derives the following Equation to determine the
minimal parking restriction distance D,
(5)
Where critical speed νc is given by
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Using Se of 33 m (109 ft), it is found that νc ~ 27 kph (17 mph). This critical speed
shows that the minimal required distance Dmin for the no parking zone should be
determined based on the stopping sight distance Ss if a posted speed limit νsl is set above
or equal to 20 mph, which is likely posted for most roadways. Comparing the critical
speed νc with the posted speed limit νsl helps an engineer to assess likelihood of the
traffic flow speed going beyond the critical speed; and hence the required parking
restriction distance Dmin can be determined in accord with Eq. (5). For example,
considering a situation where the posted speed limit is 40 mph, one should choose νl to
be 45 mph (72 kph) such that approximately 95% drivers can view clearly a pedestrian
at the Ped-Xing at the distance Ss away from the edge of crossing. The minimal
restriction Dmin is determined to be 262 ft (80 m) via Eq. (5) when width Wd is set to
6 ft (1.8 m). If this unsignalized Ped-Xing is to be set up at a mid-block between two
intersections where street parking alongside is allowed, the distance between the two
intersections is presumably greater than 550 ft (167.7 m); on the other hand, pedestrian
crossing must be allowed at the two adjacent intersections. Since the pedestrian
visibility requirement at the two intersections will impose another 262-ft no-parking
zone each side, this mid-block Ped-Xing installation would require the elimination of
1048 ft of parking zone or 52 slots for parallel parking unless actuated pedestrian
signals would be provided. This type of mid-block crossing installation could become
more complex than simply laying out white stripes across the street if safe traffic
operation is taken into account carefully. Consequently, the installation of mid-block
Ped-Xing should not be invoked unless necessary; especially, when the installation is
on a one-way street where a middle lane driver whose field view can be temporarily
blocked by the moving vehicles in the adjacent lanes.
Examining Eq. (5) further, one notices that the minimal parking restriction distance
cannot be set less than WpCot α, which is 51 ft (15.6 m) for the parking width Wp of
2.74 m (9 ft) using 10° for field angle α. This no-parking zone hasn’t been met or
enforced in many cities especially at unsignalized intersections/crossings, and
additional collisions between conflicting vehicular movements can easily arise at these
intersections as well.
Upon deriving the above equations, visibility of the Ped-Xing and pedestrians at the
crossing has been assumed granted implicitly. Since lighting condition changes with
weather or time of a day, it is critically important to provide sufficient lighting at a Ped-
Xing for making a pedestrian visible to the conflicting traffic movements. Potential
fatal or injury collisions might occur at Ped-Xings where no sufficient lighting is
provided when dark. By providing sufficient lighting and enforcing no-parking near the
Ped-Xing, we integrate into a roadway network the pedestrian crossing movements well
with the vehicular traffic mode to form a more complete street network for all users. In
order to enhance the traffic safety at a Ped-Xing, actuated signals may be employed to
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warn drivers in the upstream traffic. Devices such as actuated flash yellow beacons or
red light signals were employed where necessary in the past at some Ped-Xings. This
safety enhancement can be significant for a wheel chaired handicapped because the
handicapped may have limited ability to flee an imminent collision. Moreover, new
vehicular devices, such as driver vision enhancers have been introduced to provide
drivers with a better field view under different roadway lighting conditions.
3. CONCLUSIONS
In this paper, an analytic framework integrating driver’s frontal field view, driver’s
perception-reaction, traffic movement, possible parking restriction, traffic speed, posted
speed limits near a Ped-Xing has been set up for enhancing pedestrian safety at
unsignalized Ped-Xings. Visibility of pedestrians at theses Ped-Xings has been
discussed in details in conjunction with the established analytic framework. In order to
enhanced traffic safety at a Ped-Xing, several visibility enhancement measures have
been suggested to ensure the Ped-Xing is well coordinated with other conflicting traffic
movements. The size D for the no-parking zone is determined exactly based on the Eq.
(5) derived using the framework. It is further found that the length D is most likely
influenced by the driver’s stopping sight distance and the visibility of the pedestrians at
a marked Ped-Xing. With the pedestrian visibility in mind, mid-block Ped-Xing
installation shouldn’t be recommended if parking is allowed alongside and no other
safety countermeasures are provided to reduce the risk of pedestrian-vehicle collisions,
in particular, the collision risk along a multi-lane one-way street.
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